We describea new colorimetricmethodfor measuringethanol in plasma by use of a peroxidase-coupled assay system and alcohol oxidase (EC 1.1.3.13) from Pichia species. Absorptivityis low enough to give useful results without sample dilution.The procedure is also applicable to saliva samples and utilizesonly one working reagent. The absorbance of the blue dye that is formedis measuredat 600 nm. The reactions are carried out in the presence of a trapping reagent (semicarbazide), and the NADH also produced is measured spectrophotometrically (2, 3). These methods are suitable for assaying small series of samples; but because they require measurement in the ultraviolet region of the spectrum, they do not afford quick visual estimation outside the laboratory; furthermore, deproteinization and longer incubations are required. Another enzymatic method (4), involving alcohol dehydrogenase and differential pH measurement, is suitable for large series of samples but requires special instrumentation.
of ethanol in plasma and other body fluids is often required in clinical, toxicological, and forensic laboratory work. Interest is especially great in legal cases, where simple, quick analysis is a requisite.
Ethanol assays by chemical methods involving aeration or diffusion are laborious, time-consuming, and poorly specific. Methods involving simple oxidation require the separation of ethanol from body fluids or tissues by distillation or microdiffision, followed by titrimetry or spectrophotometry (1) . Enzymatic assays are based on the use of alcohol dehydrogenase (alcohol:NAD oxidoreductase, ED 1.1.1.1) or alcohol oxidase (alcohol:oxygen oxidoreductase, EC 1.1.3.13), either of which catalyzes the oxidation of ethanol to acetaldehyde.
The reactions are carried out in the presence of a trapping reagent (semicarbazide), and the NADH also produced is measured spectrophotometrically (2, 3). These methods are suitable for assaying small series of samples; but because they require measurement in the ultraviolet region of the spectrum, they do not afford quick visual estimation outside the laboratory; furthermore, deproteinization and longer incubations are required. Another enzymatic method (4), involving alcohol dehydrogenase and differential pH measurement, is suitable for large series of samples but requires special instrumentation.
Other enzymatic colonmetric methods (5) (6) (7) (8) Here we describe the performance of this method.
Materials and Methods
Chemicals. Samples. The blood samples used in these trials were obtained from hospitalized traffic casualties or from healthy volunteers who had imbibed specific amounts of alcohol. Heparinized blood or plasma was stored at -20 #{176}C until assayed.
For analytical-recovery studies we added known amounts of absolute ethanol to pooled plasma.
Assay procedure. Mix 10 pL of sample or duplicate standard with 3 mL of reagent and let stand for 30 mm at room temperature.
Measure the absorbance at 600 ran vs the reagent blank.
Comparison method: gas-liquid chromatography. We sponse, we assayed aqueous solutions of ethanol, in concentrations ranging from 0 to 4 g/L. Net absorbance change (y) vs ethanol concentration (x) gave the linear regression equation y = 0.OOlOx + 0.0001 (r = 0.999).
Analytical recovery of ethanol (0.4-5 g/L) added to five different plasma samples was 99.8%. Table 2 . Interference Tests
Of the various buffers tested (phosphate, imidazole, and several others), phosphate buffer proved optimal in terms of variation of the reagent blank, sensitivity, and reaction time. For the choice of pH we conducted preliminary trials in the range of pH 6.5 to 85, finding the optimal pH to be between 7.2 and 7.7. We added a small amount of disodium EDTA to minimize self-coloring of the reagent. Absorbance of the reaction product was maximum at 594 ran; accordingly, we made all our readings at 600 nm. We monitored the rate of color development (Figure 1 ) at 20 #{176}C and 37 #{176}C in plasma specimens containing added ethanol, 1 to 4 g/L, and in ethanol standards: color development was complete in 30 mm at 20 #{176}C and in 15 mm at 37 #{176}C.
We also tested, for color stability, five different specimens of pooled human plasma containing added ethanol. There were no notable changes of absorbance for 30 mm after the recommended incubation period. To test the linearity and sensitivity of the reagent re- (i.d.) stainless-steel column was packed with Poropack S, 80/100 mesh (Millipore). Gas flow rates (pressures) were 30 mL/min for N2, 0.9 kg/cm2 for H2, and 1.4 kg/cm2 for air. Column temperature was from 180 to 220 #{176}C; initial isotherm 9 mm; temperature increase 10 #{176}C/min; final isotherm 6 mm; injector temperature 225 #{176}C. The internal-standard solution was 0.2 mL of isopropanol in 100 mL of dioxane. The calibration curve was made with standards of ethanol, 1 to 4 g/L, diluted with internal standard. Samples were prepared by diluting 0.5-mL portions of plasma with 2 mL of internal-standard solution, vortex-mixing, and centrifuging for 5 mm at 1500 x g; 1-FL portions of the supernate were injected directly into the column. To construct standard curves, we plotted peak area ratios vs ethanol concentration.
En We tested our method for production of false-negative and flse-positive results by possible interferents, these being added at various concentrations to ethanol-supplemented plasma (Table 2) . No meaningful interferences were detected.
We also tested our method for specificity in the presence of other possible substrates of alcohol oxidase (Table 3) . The enzyme will react with methanol, n-amyl alcohol, n-butanol, and n-propanol; but none of these is relevant to specificity, because they are not ordinarily present in blood that is being tested for alcohol, with the important exception of methanol.
The relative response of alcohol oxidase for a methanol substrate is consistently about twice that for ethanol; in fact, the method explored in this paper is equally suitable for the detection of methanol, although this would probably not be important in forensic cases having to do with traffic-law enforcement.
Last, we assayed the same series of specimens by gas chromatography and the alcohol dehydrogenase method. Table 4 summarizes the statistical correlation between results of these two tests (11).
DIscussIon
In assembling our method we aimed at combining the sensitivity of alcohol oxidase for ethanol with the reliability of a colorimetric procedure suited for routine use. For optimizing the reagent formulation we took into account the reaction pH and the concentrations or activities of all components, optimal conditions being considered those that would afford best color stability, greatest linearity, and maximum reagent stability. The main problems we encountered involved test sensitivity and the choice of a biological source of enzyme that would provide best linearity. The range of possible concentrations of ethanol in blood, from 0 to >4 g/L, made it necessary to find a chromogen system that would produce less color at equal molar concentrations, so that measurements could be made without first diluting the sample.
Chromotropic acid afforded efficient assay throughout the stated analytical range with a 1:300 (by vol) serum/reagent ratio. The method affords good linearity for ethanol concentrations up to 4 g/L without sample dilution, a far broader linearity then that of any other enzymic method currently available.
Earlier published assays of this type had been done for the most part with alcohol oxidase from Candida cultures. Those enzymes, however, are to some extent inhibited by the hydrogen peroxide that develops in the reaction, whereas the oxidase extracted from Pichia is not so affected and is therefore suitable for the construction of alcohol sensors
(12).
One advantage of our new method is that a large series of plasma samples can be processed without pretreatment.
Another is its suitability for assay of ethanol not only in plasma but also in saliva and even in expired air, Use of saliva as the sample is a good noninvasive alternative to blood sampling; ethanol concentrations in blood and saliva reportedly correlate very closely (13).
Alcohol oxidase catalyzes the oxidation of all lower primary alcohols to the corresponding aldehydes, the reactivity decreasing with increasing chain length. Secondary and branched-chain alcohols are not oxidized to any appreciable extent. Alcohol oxidase appears more selective than alcohol dehydrogenase (5), which oxidizes all primary alcohols. For instance:
with alcohol dehydrogenase, n-propanol gives 66.7% of the signal given for equal concentrations of ethanol, n-butanol gives 63.3%, and acetaldehyde 37.1% (4). The fact that alcohol oxidase is more active with a methanol substrate than with ethanol is of no consequence, because methanol concentrations in the blood of subjects examined for acute alcohol intoxication are usually negligible. Nevertheless, our method can be used to assay bodyfluid samples in cases of acute intoxication (e.g., in attempted suicide) with pure methanol or mixtures thereof, simply by calibrating with a suitable methanol standard.
Bilirubin reportedly interferes with quantification of hydrogen peroxide in systems that include peroxidase (14, 15). However, this interference is negligible for bilirubin concentrations up to 250 mgfL with use of a sufficiently high plasma/reagent volume ratio such as 1:300 (Table 2) . As for other possible interferents, common drugs in concentrations far in excess of clinically realistic values (Table 3) did not interfere except for ascorbic acid, which caused 11% reduction of color development at 1000 mg/L but none at 30 mg/L. Ascorbic acid, however, is rapidly dissipated and seldom is present in large amounts in the blood, so this interference is ordinarily unimportant.
Aside from its excellent reliability, our method offers several advantages:
it assays ethanol directly with a single reagent; it requires no sample pretreatment; it yields readings in the visible spectrum; it is linear for ethanol concentrations up to 4 g/L; it is applicable to saliva and other body fluids in addition to blood; and it lends itself to automation with modern laboratory equipment.
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